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(57) ABSTRACT

A umitary acetabular cup prosthesis for a deficient acetabulum
ol a hip bone having a cup portion and a pair of adjacent screw
retaining members extending from the cup and oriented 1n a
cooperative with one another. A second pair of screw retain-
ing members are preferably provided, with the first and sec-
ond pair of screw retaining members oriented such that the
prosthesis can be used 1n either a left or a right acetabulum of
the patient. The screw retaining members may be formed on
a single flange. The screw retaining members are fixedly
inclined and offset relative to the rim of the cup. Each screw
retaining member has a threaded hole inclined relative to the
rim such that an axis of the threaded hole converges toward
the axis of the cup portion 1in one dimension and 1s oblique to
the axis of the cup portion 1n a second dimension.
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UNITARY ACETABULAR CUP PROSTHESIS
WITH EXTENSION FOR DEFICIENT
ACETABULUM

CROSS REFERENCE TO RELATED
APPLICATIONS

Not applicable

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable

REFERENCE TO A MICROFICHE APPENDIX

Not applicable

FIELD OF THE INVENTION

The present mnvention relates to orthopedic prosthetic
implants, and more particularly to an acetabular cup prosthe-
s1s that 1s configured particularly for treatment of deficient
acetabula, such as the type encountered in hip dysplasia.

BACKGROUND OF THE INVENTION

Conventional acetabular cup prostheses employ a two-part
construction comprising a cup portion and a separate bearing
insert. The cup 1s secured in the acetabulum by one or more
screws, which pass through the wall of the cup and directly
into the bone of the acetabulum. Once the cup 1s secured, the
bearing 1nsert 1s 1nstalled in the cup. To prevent shifting or
loosening of the cup, the acetabulum 1s reamed prior to cup
insertion in order to provide a correct {it and a deeper pocket
tor the cup. To turther improve stability, the cup 1s selected
with a diameter large enough to span the widest part of the
defect. The cup may also be selected to have a diameter
slightly larger than that of the reamed acetabulum, such that a
press-1it connection 1s achieved. However, a larger cup typi-
cally requires more reaming than a smaller cup, which may
result 1n removal of viable as well as diseased bone.

Acetabular cup prostheses are used to correct various types
ol acetabular defects, including defects involving compro-
mised acetabular walls or deficient bone. One type of acetabu-
lar defect 1s congenital hip dysplasia. In congenital hip dys-
plasia, portions of the rim of the acetabulum may be minimal
and the acetabulum 1s shallower than normal. It 1s difficult to
stabilize a cup prosthesis 1n a shallow acetabulum because
little bone 1s available for reaming or for threading of screws.

Other deficient acetabular conditions may present prob-
lems similar to those encountered with dysplasia. In a revi-

s1on hip replacement, loosening of the primary prosthesis or
removal of bone cement often causes defects 1n the acetabu-
lum. Infection may cause bone loss that results 1n a deformed
or deficient acetabulum. Following a fracture, an acetabulum
may heal in a deformed shape. In each of these situations, it
may be desirable to mimimize reaming and maximize use of
available drillable bone 1n order to secure the prosthesis.
Conventional prostheses do not provide for secure fixation
in deficient hips, such as those encountered 1n dysplasia,
where there 1s not suificient bone to allow for proper reaming,
and threading of screws. An inherent problem of prior art cups
1s a limited ability to be provided with fixation other than
directly through the cup and into the acetabulum. To over-
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come this problem, attempts have been made to provide cups
having an extension portion for use in securing the cup to
available bone.

The prior art includes two-part acetabular cup prostheses
that include rim extensions for use 1n securing the cups in

deficient acetabula, such as the type encountered 1n congeni-
tal hip dysplasia. See U.S. Pat. No. 5,702,477 (Capello et al.);

U.S. Pat. No. 5,931,870 (Cuckler); U.S. Pat. No. 6,162,257
(Gustilo et al.). These devices include screw holes 1n both the
cup portion and the extension portion, such that the cup can be
secured directly to the acetabulum and the extension portion
can be secured directly to the surrounding bone, thus enhanc-
ing prosthesis stability even 1n deficient bone conditions.

U.S. Pat. No. 4,801,300 (Kurze et al.) recognized limita-
tions 1n the ability of two-part hip prostheses to treat dysplasia
hips. (Column 1, lines 41-42). To overcome this deficiency,
Kurze et al. proposed a single-part hip joint socket provided
with a perforated flange ring for mooring by implant screws.
The flange covers at least two-thirds of the circumierence of
the hip joint socket. The tlange has at least four uniformly
distributed bore holes for recerving screws for securing the
device on bone. The holes are unthreaded. Kurze et al. 1s
directed primarily toward surface texturing for improving
biocompatibility and mechanical stability. Kurze et al. pro-
vides no discussion of how the socket would be secured by
screws. A disadvantage of Kurze et al. 1s that it does not
provide for angulation of screws into available drillable bone
in some deficient bone conditions.

FIG. 1 shows a prior art acetabular cup prostheses that 1s
designed particularly for treatment of a dysplasic acetabulum.
As shown in FIGS. 1A and 1B, the prior art cup has a pair of
tabs that extend from an outer surface of the cup. Each tab
includes a threaded hole for recerving a threaded screw for
using in securing the cup 1n an acetabulum. As shown in
FIGS. 1A and 1B, the tabs extend 1n the same plane as the rim
of the cup, and are thus perpendicular to the axis of the cup. As
shown 1n FIGS. 1A and 1B, the axis of each screw hole 1s
parallel to the axis of the cup. One advantage of the acetabular
cup of FIG. 1 1s that 1t has a symmetrical configuration, and
therefore can be used 1n either a left or right hip. However, a
disadvantage of the acetabular cup of FIG. 1 1s that the screws
are oriented 1n a manner that does not maximize use of avail-
able drillable bone 1n some deficient bone conditions, such as
those encountered 1n dysplasia.

GB Patent Application 2,347,864 (Paling) discloses a
removeable attachment member that can be used to transform
a conventional acetabular cup 1nto a dysplasia cup. A primary
objective of Paling is to allow a surgeon to determine 1ntra-
operatively whether to use a conventional cup or to convert
the cup into a dysplasia cup. To accomplish this objective,
Paling discloses an annular portion that 1s removably mount-
able on a rim of an acetabular cup and which has one or more
integral flanges, each flange having a hole for receiving a
screw. In order to negate the resultant moment imparted to the
cup through the screws, the annular portion 1s preferably
provided with two diametrically opposed flanges. Addition-
ally, the two flanges are preferably angled relative to the
annular portion. The flange angle 1s at a declination of 20
degrees or substantially 20 degrees from the underside of the
annular portion. According to Paling, angulation allows a
higher clamping force to be imparted by the ring when acting
on the acetabular cup. However, as shown in FIG. 4 of Paling,
the axes of the holes remains parallel to the axis of the cup,
and thus do not provide for angled threading 1nto bone. Paling
discloses mounting the cup portion in the acetabulum in the
conventional manner, followed by attachment of the annular
portion to the cup portion such that projections on the annular
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portion engage recesses 1in the rim of the cup portion. Screws
are then passed through the holes and into bone, such that the

annular portion secures the acetabular cup 1n place. One dis-
advantage of Paling 1s that the annular portion 1s of thin
construction, and therefore subject to potential failure. Addi-
tionally, because the annular portion 1s not fixed to the cup
portion, there are circumstances 1n which the annular portion
may separate or dislodge tfrom the cup. Further, even in the
angulated version of Paling, the screws are not angled so as to
maximize use of available drillable bone 1n some deficient hip
conditions.

There 1s thus a need for a acetabular cup prosthesis having

the following characteristics and advantages over the prior
art.

OBJECTS AND SUMMARY OF TH
INVENTION

L1

It 1s an object of the invention to provide an acetabular cup
prosthesis configured to provide secure implantation in a
deficient hip, such as a dyslasic hip.

It 1s an object of the invention to provide an acetabular cup
prosthesis that maximizes the use of available bone 1n a defi-
cient hip to provide improved stability.

It 1s an object of the invention to provide an acetabular cup
prosthesis customizes the fit and stability of the cup 1n defi-
cient acetabulae without requiring excessive reaming of good
bone surrounding the deficiency.

It 1s an object of the invention to reduce inventory by
providing a cup prosthesis that can be used 1n either a right or
left acetabulum of a patient.

The foregoing objects and advantages are obtained by pro-
viding a unitary acetabular cup prosthesis for use in a defi-
cient acetabulum of a hip bone of a patient having a cup
portion and a pair of adjacent screw retaining members ori-
ented for use 1n attaching the prosthesis to the patient’s hip
bone. The cup portion has a generally dome-shaped wall
having an axis and an upper rim. An inner bearing surface of
the wall 1s configured to pivotally engage a femoral head of a
hip prosthesis. Each screw retaining member extends from an
outer surface of the dome substantially along the rim. The
screw retaining members are integrally formed with the cup
portion such that the screw retaining members are fixedly
inclined relative to the rim and fixedly offset relative to the
rim. The screw retaiming members are oriented in a coopera-
tive relationship with one another to facilitate implantation of
the prosthesis 1 one side of the hip of the patient. Each screw
retaiming member has a threaded hole therethrough. Each
threaded hole 1s fixedly inclined relative to the rim such that
an axis of the threaded hole converges toward the axis of the
cup portion 1n one dimension and such that the axis of the
threaded hole 1s oblique to the axis of the cup portion 1n a
second dimension. To reduce prosthesis iventory, a second
pair of screw retaining members may be provided, with the
first and second pair of screw retaiming members oriented
such that the prosthesis can be used 1n either a left or a right
acetabulum of the patient.

In one preferred embodiment, first and second pairs of
screw retaining members are formed on a single flange. The
flange extends from an outer surface ol the dome substantially
along a portion of the rim. The flange i1s ntegrally formed
with the cup portion and i1s inclined relative to the rnm. The
first pair of screw retaining members are {ixed in a coopera-
tive relationship with one another to facilitate implantation of
the device 1n a left hip of the patient. The second pair of screw
retaining members are fixed 1n a cooperative relationship with
one another to facilitate implantation of the device 1n a right
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hip of the patient, but in an oblique relationship with the first
pair of screw retaiming members. The first and the second pair
of screw retaiming members are preferably arranged 1n a
staggered relationship.

The foregoing and other objects, features, aspects and
advantages of the invention will become more apparent from
the following detailed description of the invention when con-
sidered 1in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a side view of a prior art dysplasia cup, featuring,
a retaining screw oriented 1n a parallel relationship with the
axis of the cup.

FIG. 1B 1s a side view of the prior art dysplasia cup of FIG.
1, rotated 90 degrees to the show the orientation of a pair of
SCrews 1n screw retainer portions, the screws being parallel to
the axis of the cup.

FIG. 2A 1s a top view of one preferred embodiment of the

acetabular cup prosthesis of the invention.

FIG. 2B 1s a side view of the cup of FIG. 2A, showing
screws having a generally parallel cooperative orientation 1n
an offset dimension.

FIG. 2C 1s a side perspective view of the cup of FIG. 2B,
rotated approximately 90 degrees from FIG. 2B to show
inclination of the screw 1n an inclined dimension.

FIG. 2D 1s perspective view of the cup of FIGS. 2A-2C.

FIG. 2E 1s a side view of one preferred embodiment of the
acetabular cup prosthesis of the invention showing screw
retaining members that are slightly divergent from one
another in the offset orientation, such that the screws have a
toed-out or oblique relationship to one another.

FIG. 2F 1s a side view of the cup of FIG. 2E rotated
approximately 90 degrees from FIG. 2E to show screws in a
toed-out or oblique relationship to one another.

FIG. 3A 15 a top view of one preferred embodiment of the
acetabular cup prosthesis of the invention configured for use
in erther a left or a right hip of a patient.

FIG. 3B 1s a side view down the flange portion of FIG. 3A,
featuring orientation of two sets of screw retaining members
on the tflange, and indicating offset orientation of the threaded
bores.

FIG. 3C 1s a side view of the cup of FIG. 3B, rotated
approximately 90 degrees from FIG. 3B to show inclination
the flange and an inclined orientation of the threaded bores.

FIG. 3D 1s a perspective view of the cup of FIGS. 3A-3H,
with the cup angled to indicate a pretferred orientation of the
cup 1n a right hip of a patient when viewed from the front of
the patient along the median sagittal plane.

FIG. 3E 1s a perspective view of the cup of FIGS. 3A-3H,
with the cup angled to indicate a preferred orientation of the
cup 1n a left hip of a patient when viewed from the front of the
patient along the median sagittal plane.

FIG. 3F 1s a perspective view of the preferred embodiment
of FIGS. 3A-3H, rotated approximately 45 degrees forward
from FIG. 3B.

FIG. 3G 1s a further perspective view of the preferred
embodiment of FIGS. 3A-H.

FIG. 3H 1s a bottom view of the preferred embodiment of
FIGS. 3A-3H.

FIGS. 4A-4C show views of one preferred embodiment of
the acetabular cup prosthesis of the invention configured for
use 1n either a left or a right hip of a patient.

FIG. 5 provides views of preferred embodiments threaded
screws for use with the acetabular cup prosthesis of the inven-
tion.
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FIG. 6A 1s an x-ray view of the prior art dysplasia cup of
FIG. 1 installed 1n a dysplasic hip of a patient, and indicating
undesirable retroversion of the cup along the flat contour of
the dysplasic hip.

FIG. 6B 1s an x-ray view of one preferred embodiment of
the acetabular cup prosthesis of the invention installed 1n a
deficient hip of a patient, indicating a preferred degree of
anteversion of the cup versus prior art dysplasia cups such as
the prior art cup shown in FIG. 6A.

FIG. 7A 1s a side view of an alternative embodiment of the
invention in which an offset orientation 1s provided by angu-
lation of threaded bores alone.

FIG. 7B 1s a side view of the cup of FIG. 2E rotated
approximately 90 degrees from FIG. 7A to show an inclined
orientation provided by angulation of threaded bores alone.

PREFERRED EMBODIMENTS OF THE
INVENTION

In the following detailed description of the preferred
embodiments, reference 1s made to the accompanying draw-
ings which form a part hereot, and in which are shown by way
of 1llustration specific embodiments in which the invention
may be practiced. It 1s to be understood that other embodi-
ments may be utilized and structural changes may be made
without departing from the scope of the present invention.

As shown 1 FIG. 2, the invention 1s a unitary acetabular
cup prosthesis 1 for use 1n a deficient acetabulum of a hip of
a patient. The prosthesis 1 includes a cup portion 10. As
shown 1n FIG. 2B, the cup portion 10 has a generally dome-
shaped wall 10 having an axis A and an upper rim 18. As
indicated 1n FIG. 2A, an inner bearing surface 12 of the wall
10 1s configured to pivotally engage a femoral head of a
temoral hip prosthesis, 1n a manner known to those of skill in
the art. As indicated 1in FIG. 2B, an outer surface 14 of the
dome 10 1s sized and configured to reside at least partially
within the acetabulum of the patient, 1n a manner known to
those of skill in the art.

As shown 1n FIG. 2, a pair of first and second screw retain-
ing members 51, 52 are provided for use in attaching the
prosthesis to the patient’s hip. As shown 1n FIG. 2B, each
screw retaiming member extends from the outer surface 14 of
the dome 10 substantially along the rim 18. As shown 1n FIG.
2C, the screw retaining members 31, 52 are integrally formed
with the cup portion 10 such that each screw retaining mem-
ber 51, 52 1s fixedly inclined relative to the rim 18. The
inclination orientation 1s shown with reference to line or plane
“I”” in FIG. 2C. As indicated 1in FIG. 2C, inclination enables
screws 100 to be located as close as possible to the outer
surface 14 of the cup portion 10, an orientation that maxi-
mizes use of drillable bone 1n a dysplasic hip. Additionally, as
turther shown in FIG. 2B, the screw retaining members 51, 52
are also fixedly offset relative to the nm 18. The offset orien-
tation 1s shown with reference to line or plane “O1”” and “0O2”
in F1G. 2B. As shown in FIGS. 2B and 2C, the screw retaining
members 51, 52 are oriented 1 a cooperative relationship
with one another to facilitate implantation of the prosthesis 1
in one side of the hip of the patient.

In a preferred embodiment, each screw retaining member
51, 52 1s inclined at an angle of between about 10 and about
25 degrees relative to the nim 18 (see FIG. 2C). In a most
preferred embodiment, each screw retaining member 51, 52 1s
fixedly inclined at an angle of about 20 degrees relative to the
rim 18. In a preferred embodiment, each screw retaining
member 51, 52 1s offset at an angle of between about 10 and
about 25 degrees relative to the rim 18 (see FI1G. 2B). In a most
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preferred embodiment, each screw retaining member 31,52 1s
fixedly offset at an angle of about 20 degrees relative to the
rim 18.

As shown 1n FIGS. 2B, 2C and 2D, each screw retaining
member 51, 52 has a threaded hole 55, 56 therethrough. Each
threaded hole 55, 56 1s fixedly inclined relative to the rim 18
such that an axis of the threaded hole (T;) converges toward
the axis (A) of the cup portion 1n one dimension (see FIG.
2C), and such that the axis of the threaded hole (T ;1;T52) 1s
oblique to the axis (A) of the cup portion 1n a second dimen-
s1on (see FI1G. 2B).

As indicated 1n FIGS. 2, 3 and 4, the screw retaining mem-
bers 51, 52 are adjacent to one another 1n order to maximize
anchorage 1n the area of drillable bone. The screw retaining
members 351, 52 preferably extend along an arc of between
about 30 to about 60 degrees along the circumierence of the
rim 18. If two sets of screw retaining members 51, 52, 61, 62
are provided (discussed 1n further detail below), the screw
retaining members 51, 52, 61, 62 preferably occupy an arc of
less than about 90 degrees along the circumierence of the rim
18, and preferably of about 75 degrees. As also indicated 1n
FIG. 2B, the screw retaining members 51, 52 are preferably
spaced apart a selected distance, such as about 10 mm (or an
arc of between about 15 to 25 degrees, depending on the size
of the prosthesis). Spacing of the screw holes 55, 56 provides
greater stability to the cup 1 when the prosthesis 1s implanted
in an acetabulum. However, 1n situations where only a very
small area of drillable bone 1s available, it may be preferable
to have the screw retaining members 51, 52 directly adjacent
to one another. For added strength, the first and second screw
retaining members 51, 52 may be joined to one another, such
as 1n the manner shown in FIG. 3.

As shown i FIG. 2B, to provide cooperative fixation
between the screw retaining members 351, 52, the screw
retaining members may be oriented in a generally parallel
relationship with one another (compare line/plane O1 with
line/plane O2). Likewise, as also shown in FIG. 2B, the
threaded holes 55, 56 of the pair of screw retaining members
51, 52 may be 1n a parallel relationship with one another
(compare thread/fixation axes T ;1 and T ;2). A substantially
parallel orientation of the threaded holes 35, 56 enables fixa-
tion about two generally parallel fixation axes 1n the patient’s
acetabulum. In some deficient hip conditions, a parallel or1-
entation may contribute to maximal use of available bone,
along with greater resistance to the forces encountered 1n the
hip. However, in many applications it may be desirable to
orient the screws 100 1n a divergent or oblique orientation 1n
relation to each other as shown in FIG. 2E or 2F. A divergent
orientation contributes greater pull-out strength to the screws
and greater stability to rotational moments encountered in the
hip joint. The divergent orientation includes toe-out and toe-
in (technically, convergent) orientations. As shown most
clearly in FIG. 2E, a divergent orientation can be accom-
plished by orienting the screw retaining members 1 an
oblique relationship to one another, either in the offset dimen-
s101, 1n the inclination dimension or, preferably, 1n both offset
and 1inclination dimensions. In some cases, the divergent ori-
entation will be generally, but not precisely, parallel.

As indicated 1in FIG. 2C, the axis of the threaded hole 55, 56
of the retaining members 31, 52 1s preferably substantially
perpendicular to the inclination of the screw retaining mem-
ber 51, 52 (compare inclination thread/fixation axes T, with
inclination line/plane I). As further indicated 1n FIG. 2B, the
axis of the threaded hole 55, 56 of the retaining members 51,
52 1s also preferably substantially perpendicular to the offset
of the screw retaining member 51, 52.
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One disadvantage of the embodiment shown 1n FIG. 2 1s
that the prosthesis can only be used 1n one side of a patient’s
hip, due to the cooperative inclination and offset orientations
of the screw recerving members 51, 52. It 1s an object of the
invention to reduce inventory by providing a cup prosthesis 1
that can be used 1n either aright or left acetabulum of a patient.
This objective can be achieved by providing a second set of
screw retaining members 61, 62, such as 1n the embodiment
shown 1n FIG. 4A (see also FIG. 3). The second set of screw
retaining members 61, 62 includes the orientations and char-
acteristics described above with regard to the first set of screw
retaining members 51, 52. However, as shown 1n FIG. 4B, the
second set of screw retaining members 61, 62 1s fixed 1n a
substantially opposite or mirrored orientation in relation to
the first set of screw retaining members 351, 52. In the embodi-
ment shown 1n FIG. 4B, the first set of screw retaining mem-
bers 51, 52 are directly adjacent to one another, while the
second set of screw retaining members 61, 62 are directly
adjacent one another. In the embodiment shown 1n FIG. 4C,
the first and second sets of screw retaining members are 1n a
staggered relationship 1n which the screw retaiming members
of the first set 51, 52 alternate with screw retaining members
of the second set 61, 62. One advantage of the staggered
embodiment shown in FIG. 4C 1s that 1t allows the coopera-
tive screw retaining members of each set to be spaced apart
from one another, yet occupy a minimal arc along the rnm 18.
Note that 1n each case, the first pair of screw retaining mem-
bers 51, 52 are oriented 1n a cooperative relationship with one
another to facilitate implantation of the prosthesis 1n one side
of the hip of a patient, while the second pair of screw retaining
members 61, 62 are oriented 1n a cooperative relationship
with one another to facilitate implantation of the prosthesis 1
in the opposing hip of the patient. In this manner, required
inventory 1s reduced.

FI1G. 3 shows a preferred embodiment of a unitary acetabu-
lar cup that can be used in either a right or left deficient
acetabulum of a patient. As shown most clearly in FIGS. 3A
and 3C, a flange 40 extends from the outer surface 14 of the
dome 10 substantially along a portion of the rim 18. The
flange 40 1s integrally formed with the cup portion 10. As
shown 1n FIG. 3C, the flange 40 1s inclined relative to the rim
18. The flange 1s preferably inclined at between about 10 to 25
degrees relative to the rim 18. In the preferred embodiment
shown 1n FIG. 3, the flange 40 1s inclined at about 20 degrees
relative to the rim 18.

As shown 1n FIG. 3A, the flange 40 includes a first 51, 52
and a second 61, 62 pair of screw retaining members formed
thereon for use 1n attaching the prosthesis to the patient’s hip
bone. The screw retaining members 51, 52, 61, 62 include the
orientations and characteristics described above with refer-
ence to FIG. 2, except that the screw retaining members 51,
52, 61, 62 are oriented on a single flange 40. For example, as
shown most clearly in FIG. 3B, each screw retaining member
51,52, 61, 62 1s fixedly inclined relative to the rim 18 and also
fixedly ofisetrelative to the im 18. As shown in FIG. 3A, each
screw retaining member has a threaded hole 55, 56, 65, 66
therethrough. As indicated in FIG. 3C, each threaded hole 55,
56, 65, 66 15 fixedly 1nclined relative to the rim 18 such that an
axis of the threaded hole converges toward the axis of the cup
portion 10 1n one dimension, 1n the manner described above
with reference to FIG. 2C. Likewise, as indicated 1n FIG. 3B,
the axis of each threaded hole 1s oblique to the axis of the cup
portion 1n a second dimension (see thread lines/axes 11, T2,
13, T4), in the manner described above with reference to FIG.
2B.

As shown 1n FIG. 3B, the first pair of screw retaining
members 51, 52 are fixed 1n a substantially parallel relation-
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ship with one another, and the second pair of screw retaining,
members 61, 62 are also fixed 1n a substantially parallel
relationship with one another. As shown 1n FIG. 3B, the first
51, 52 and second 61, 62 sets of screw retaining members are
also fixed 1n an oblique relationship to one another, such that
the prosthesis can be used on either a lett or right acetabulum,
in the manner described above. In the embodiment shown 1n
FIG. 3, the first 51, 52 and the second 61, 62 pair of screw
retaining members arranged in a staggered relationship, a
configuration that minimizes the degree of arc required by the
flange 40.

As 1indicated 1n FIG. 3B, the threaded holes 55, 56 of the
first pair of screw retaining members 51, 52 are preferably 1n
a substantially parallel relationship with one another (com-
pare thread line/axes 'T1 and T2). Likewise, the threaded holes
65, 66 of the second pair of screw retaining members 61, 62
are 1n a substantially parallel relationship with one another
(compare thread lines/axes T3 and T4). As shown 1n FIG. 3B,
the threaded holes 35, 56 of the first pair of screw retaining
members 51, 52 are i an oblique relationship with the
threaded holes 65, 66 of the second pair of screw retaining
members 61, 62, an orientation that enables the prosthesis 1 to
be used on either a left or a right acetabulum of the patient.

As further indicated 1n FIG. 3C, the axis T1 of the threaded
hole 55 of each screw retaining member 31 1s preferably
substantially perpendicular to the inclination I of the screw
retaining member 51. As indicated 1n FIG. 3B, the axis of the
threaded hole 55 of each screw retaining member 51 1s also
preferably substantially perpendicular to the ofiset of the
screw retaining member 51 (compare thread lines/axes T1,
12,13 and T4 with the lower face of the corresponding screw
retaining member).

FIGS. 7A and 7B show an alternative embodiment in
which inclination and ofiset are provided through inclination
and ofIset of the threaded bores alone, rather than by inclina-
tion and ofiset of the screw retaining portions 31, 52. As
shown 1n FIG. 7B, the embodiment employs squarely ori-
ented screw retaining members 52 that extend substantially 1n
the plane of the rim 18, 1.e. substantially perpendicular to the
axis A of the cup 10. As indicated 1n FIGS. 7A and 7B, the
various offset and inclination angles discussed above can be
obtained with this embodiment. However, the screw retaining
member 51, 52 must project turther laterally 1in order to obtain
desired degrees of inclination. The squarely oriented retain-
ing members 51, 52 could be provided on a single flange. A
pair of squarely oriented retaining members 51, 52, 61, 62
could also be provided on a single flange 40 (not shown). It 1s
also possible to provide ofiset retaining members having
inclined bore holes or inclined retaining members having
offset bore holes. Further, the inclined and offset angles of
screws discussed above can be provided by using selected
combinations of square, inclined, or offset retaining members
and applicably oriented thread bores.

The prior art dysplasia cup shown i FIG. 1 employs
screws having machine threads having a generally uniform
pitch. FIGS. 5A-5B show a screw 100 for use 1n the invention
that includes a machine thread as well as a head 102 config-
ured to be countersunk 1n the screw retaining members 51, 52.
To improve screw performance, the screws 100 are preferably
provided with a bone screw thread, such as a cancellous bone
thread, along a distal portion of the screw shaft for optimal
threading in bone, and a machine thread along a proximal
portion of the Shaft 104 adjacent the screw head 102 for
optimal threading 1n the threaded bore (FIGS. 3C-5D). The
bone thread preferably has a distal pitch of 30 degrees and a
proximal pitch of 3 degrees. The thread in the proximal por-
tion 104 of the shaift closely matches the thread of the screw
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bore 1n order to provide a locking fit. To further enhance
locking between the screw 100 and the threaded bore, a lock-
ing means such as double lead threads or mismatched threads
may be used.

The prosthesis 1 1s preferably made of a titanium alloy or a
cobalt chromium, although various known materials may be
suitable. Optionally, the outer surface 14 of the cup portion 10
has a controlled-porosity surface to enable bone growth to the
prosthesis 1. The outer surface 14 may also be associated with
a biologically active agent that enhances bone growth (e.g.
bone-morphogenetic protein; growth factors; hydroxyapa-
tite) to encourage bone growth to the prosthesis 1.

Various advantages arise from the configuration of the
acetabular cup prosthesis 1, some of which are discussed
above. The unique configuration of the acetabular cup pros-
thesis 1 enables 1t to be used as both a primary or a revision
implant. The prosthesis provides for metal-on-metal articu-
lation, resulting in minimal debris versus metal-on-UHM-
WPE prostheses. The invention 1 provides a rngid construct in
which the angle of the screws 1s maintained, thus enabling the
screws to maintain the cup 10 1n position. The thin phalange
40 provides sullicient strength without impinging on implan-
tation of the device.

Although the invention has been described as a unitary cup
embodiment, the internal wall 12 of the cup 10 may alterna-
tively be configured to recetve an 1nsert configured to articu-
late with the femoral head of femoral hip prosthesis, such as
an UHMWPE or ceramic insert

In operation, the acetabular cup prosthesis 1 1s installed in
a patient in much the same manner as a conventional cup or
dysplasia cup. However, because of the unique angulation of
the threaded bores, the cup 1 of the invention can be 1nstalled
in a greater degree of anteversion or retroversion compared to
conventional dysplasia cups, such as the type shownin FIG. 1.
As mentioned above, the flat contour and generally thinner
cross-section of a dysplasic hip provides minimal bone for
reaming or screwing, which makes 1t difficult to orient a cup
in a suificiently anteverted position. FIG. 6 A provides an
x-ray view of the prior art dysplasia cup of FIG. 1 installed in
a dysplasic hip of a patient. Because of the location of the
screws, the prior art cup must oiten be implanted 1n a some-
what retroverted position 1n order obtain a firm setting in
available drillable bone, which can contribute to a disloca-
tion. A phantom line along the femoral prosthesis head in
FIG. 6A indicates a preferred position of the rim of the cup
relative to the hip and the femoral prosthesis. FIG. 6B 1s an
x-ray view of one preferred embodiment of the acetabular cup
prosthesis 1 of the mvention installed in a deficient hip of a
patient. In FIG. 6B, the cup 1 1s fixed in an orientation that 1s
substantially identical to the desired position of a prosthesis
in a non-dysplasic hip, and which thus minimizes the risk of
dislocation. The phantom line 1n FIG. 6B indicates a typical
position of the rim of prior art dysplasic cups 1n a dysplasic
hip. FIG. 3D 1s a perspective view of the cup of FIGS. 3A-3H,
with the cup angled to indicate a preferred onientation of the
cup 1n a right hip of a patient when viewed from the front of
the patient along the median sagittal plane. FIG. 3E 1s a
perspective view of the cup of FIGS. 3A-3H, with the cup
angled to 1indicate a preferred orientation of the cup 1n a left
hip of a patient when viewed from the front of the patient
along the median sagittal plane. While exact orientations will
vary from patient to patient, the prosthesis of the mvention 1
will preferably be installed such that the rim 18 of the cup 1 1s
fixed at about 45 degrees relative to vertical and about 15 to 20
degrees anteversion, generally in the orientations shown 1n

FIGS. 3D and 3E.
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In order to minimize stability problems, a drill guide 1s
preferably used to drill holes and insert the screws into the
hip.

Although the present invention has been described 1n terms
of specific embodiments, it 1s anticipated that alterations and
modifications thereol will no doubt become apparent to those
skilled 1n the art. It 1s therefore intended that the following
claims be interpreted as covering all alterations and modifi-
cations that fall within the true spirit and scope of the mnven-
tion.

What 1s claimed 1s:

1. A unitary acetabular cup prosthesis for use 1n a deficient
acetabulum of a hip bone of a patient, the prosthesis compris-
ng:

a cup portion comprising a generally dome-shaped wall
having an axis and an upper rim, an inner bearing surface
of said wall configured to pivotally engage a femoral
head of a hip prosthesis,

a pair of adjacent screw retaining members for use 1n
attaching the prosthesis to the patient’s hip bone, each
said screw retaining member extending from an outer
surface of said dome substantially along said rim, each
said screw retaining member integrally formed with said
cup portion such that said screw retaining member 1s
fixedly inclined relative to said rim and 1s fixedly offset
relative to said rim, said screw retaining members ori-
ented 1n a cooperative relationship with one another to
facilitate implantation of the prosthesis 1 one side of the
hip of the patient, and

cach said screw retaining member having a threaded hole
therethrough, each said threaded hole fixedly inclined
relative to said rim such that an axis of said threaded hole
converges toward said axis of said cup portion 1n one
dimension and such that said axis of said threaded hole
1s oblique to said axis of said cup portion 1n a second
dimension.

2. The prosthesis of claim 1, wherein said threaded holes of
said pair of screw retaining members are 1n a parallel rela-
tionship with one another to thereby enable fixation about
parallel fixation axes in the patient’s hip bone.

3. The prosthesis of claim 2, wherein said axis of said
threaded hole of each said screw retaining member 1s sub-
stantially perpendicular to said inclination of said screw
retaining member and substantially perpendicular to said ofi-
set of said screw retaining member.

4. The prosthesis of claim 1, wherein said threaded holes of
said pair of screw retaining members are 1n a divergent rela-
tionship with one another to thereby enable fixation about
non-parallel fixation axes in the patient’s hip bone.

5. The prosthesis of claim 4, wherein said axis of said
threaded hole of each said screw retaining member 1s sub-
stantially perpendicular to said inclination of said screw
retaining member and substantially perpendicular to said off-
set of said screw retaining member.

6. The prosthesis of claim 1, wherein each said screw
retaining member 1s fixedly inclined at an angle of between
about 10 and about 25 degrees relative to said rim and each
said screw retaining member 1s fixedly offset at an angle of
between about 10 and about 25 degrees relative to said rim.

7. The prosthesis of claim 1, wherein each said screw
retaining member 1s fixedly inclined at an angle of about 20
degrees relative to said rim and each said screw retaining
member 1s fixedly offset at an angle of about 20 degrees
relative to said rim.

8. The prosthesis of claim 1, further comprising,

a second pair of screw retaining members for use 1n attach-

ing the prosthesis to the patient’s hip bone, each said




US 7,918,896 B2

11

screw retaining member of said second pair extending,
from said outer surface of said dome substantially along
said rim, each said screw retaining member of said sec-
ond pair integrally formed with said cup portion such
that said screw retaining member 1s fixedly inclined
relative to said rim and 1s fixedly offset relative to said
rim, said screw retaining members oriented 1n a coop-
crattve relationship with one another to {facilitate
implantation of the prosthesis 1n an opposing side of the
hip of the patient,

cach said screw retaiming member of said second pair hav-
ing a threaded hole therethrough, each said threaded
hole fixedly inclined relative to said rim such that an axis
of said threaded hole converges toward said axis of said
cup portion 1n one dimension and such that said axis of
said threaded hole 1s oblique to said axis of said cup
portion 1n a second dimension, and

said first and said second pairs of screw retaining members
oriented such that the prosthesis can be used 1n either a
left or a right acetabulum of the patient.

9. The prosthesis of claim 8, wherein said screw retaining,

members are formed on a single flange.

10. The prosthesis of claim 1, wherein said screw retaining
members are formed on a single flange.

11. A method of implanting a prosthesis 1n a defective hip
bone of a patient comprising;

providing a unitary acetabular cup prosthesis according to
claim 1,

placing the unitary acetabular cup prosthesis 1n an acetabu-
lum of the patient,

securing the unitary acetabular cup prosthesis in the hip
bone by threading screws through the threaded holes of
the screw recerving members and into the hip bone such
that a rim of the prosthesis 1s maintained 1n an orienta-
tion of about 45 degrees relative to vertical.

12. A unmitary acetabular cup prosthesis for use in a deficient
acetabulum of a hip bone of a patient, the prosthesis compris-
ng:

a cup portion comprising a generally dome-shaped wall
having an axis and an upper rim, an inner bearing surface
of said wall configured to pivotally engage a femoral
head of a hip prosthesis,

a flange extending from an outer surface of said dome
substantially along a portion of said rim, said tlange
integrally formed with said cup portion, said flange
inclined relative to said rim,

said flange including a first and a second pair of screw
retaining members formed thereon for use 1n attaching
the prosthesis to the patient’s hip bone,

cach said screw retaining member fixedly inclined relative
to said nnm and fixedly oifset relative to said rim,

cach said screw retaiming member having a threaded hole
therethrough, each said threaded hole fixedly inclined
relative to said rim such that an axis of said threaded hole
converges toward said axis of said cup portion 1in one
dimension and such that said axis of said threaded hole
1s oblique to said axis of said cup portion 1 a second
dimension,

said first pair of screw retaining members {ixed 1n a coop-
crattve relationship with one another to {facilitate
implantation of the device 1n a lett hip of the patient,

said second pair of screw retaining members fixed 1n a
cooperative relationship with one another to facilitate
implantation of the device 1n aright hip of the patient and
in an oblique relationship with said first pair of screw
retaining members, and
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said first and said second pair of screw retaining members

arranged 1n a staggered relationship.

13. The prosthesis of claim 12, wherein said threaded holes
ol said first pair of screw retaining members are 1n a generally
parallel relationship with one another to thereby enable fixa-
tion about parallel fixation axes 1n the patient’s acetabulum,

said threaded holes of said second pair of screw retaining

members are 1n a generally parallel relationship with one
another to thereby enable fixation about parallel fixation
axes 1n the patient’s acetabulum, and

said threaded holes of said first pair of screw retaiming

members are 1 an oblique relationship with said
threaded holes of said second pair of screw retaining
members.

14. The prosthesis of claim 13, wherein said axis of said
threaded hole of each said screw retaining member 1s sub-
stantially perpendicular to said inclination of said screw
retaining member and substantially perpendicular to said ofl-
set of said screw retaining member.

15. The prosthesis of claim 11, wherein said axis of said
threaded hole of each said screw retaiming member 1s sub-
stantially perpendicular to said inclination of said screw
retaining member and substantially perpendicular to said ofi-
set of said screw retaining member.

16. The prosthesis of claim 12, wherein said threaded holes
of said first pair of screw retaining members are 1n a divergent
relationship with one another to thereby enable fixation about
non-parallel fixation axes in the patient’s acetabulum,

said threaded holes of said second pair of screw retaining

members are in a divergent relationship with one another
to thereby enable fixation about non-parallel fixation
axes 1n the patient’s acetabulum, and

said threaded holes of said first pair of screw retaining

members are 1 an oblique relationship with said
threaded holes of said second pair of screw retaining
members.

17. The prosthesis of claim 16, wherein said axis of said
threaded hole of each said screw retaining member 1s sub-
stantially perpendicular to said inclination of said screw
retaining member and substantially perpendicular to said ofl-
set of said screw retaining member.

18. The prosthesis of claim 12, wherein each said screw
retaining member 1s fixedly inclined at an angle of between
about 10 and about 25 degrees relative to said rim and each
said screw retaining member 1s fixedly offset at an angle of
between about 10 and about 25 degrees relative to said rim.

19. The prosthesis of claim 12, wherein each said screw
retaining member 1s fixedly inclined at an angle of about 20
degrees relative to said nm and each said screw retaining
member 1s fixedly offset at an angle of about 20 degrees
relative to said rim.

20. A method of implanting a prosthesis in a defective hip
bone of a patient comprising:

providing a unitary acetabular cup prosthesis according to

claim 12,

placing the unitary acetabular cup prosthesis 1n an acetabu-

lum of the patient,

securing the unitary acetabular cup prosthesis 1 the hip

bone by threading screws through the threaded holes of
the screw receiving members and 1nto the hip bone such
that a rim of the prosthesis 1s maintained 1n an orienta-
tion of about 45 degrees relative to vertical.
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